Objective. Sacroiliac joint (SIJ) pain originating from the posterior ligament manifests in not only the buttocks but also the groin and lower extremities and thus may be difficult to discern from pain secondary to other lumbar disorders. We aimed to develop a simple clinical diagnostic tool to help physicians distinguish between patients with SIJ pain originating from the posterior ligament and those with lumbar disc herniation (LDH) or lumbar spinal canal stenosis (LSS).
Introduction
Sacroiliac joint (SIJ) pain is often misdiagnosed because the most common pathological condition in SIJ is a functional disorder (SIJ dysfunction or syndrome) [1] , resulting in a lack of specific imaging. According to the criteria of the International Association for the Study of Pain [2] , SIJ pain refers to pain in the SIJ area. The pain should be reproducible when performing specific pain provocation tests and should be completely relieved by intraarticular SIJ injection of local anesthetics. However, the diagnosis of SIJ pain has proven challenging. Widely used provocation tests such as the Gaenslen's test, Patrick's (FABERE) test, thigh thrust test, compression test, and distraction test show low specificity [3] . Intraarticular SIJ injection is essential to establish a definitive diagnosis; however, it also displays limited accuracy in the diagnosis of SIJ pain because it does not consider pain arising from the ligamentous apparatus surrounding the joint [3] . Vleeming et al. recommend using the term "pelvic girdle pain," which means the pain between the posterior iliac crest and the gluteal fold, particularly in the vicinity of SIJ. This term includes the pain originating from intraarticular region and the ligamentous apparatus surrounding the joint, i.e., the long posterior ligament, the interosseous SIJ ligaments, and other posteriorly located ligaments of the joint. The European guidelines do not recommend using intraarticular SIJ injection as a definitive diagnostic tool for pelvic girdle pain; they recommend its use together with local anesthetics injection to the extraarticular SIJ ligaments [4] .
SIJ is regarded as a complex structure consisting of the articular and posterior ligamentous compartments [1] , with either compartment being a potential source of SIJ pain [5] [6] [7] , and pain sensed in a similar area [8, 9] . Our previous study revealed that an injection into the posterior ligament (i.e., the periarticular region of SIJ) provided more effective pain relief in the SIJ area than an intraarticular SIJ injection [10] . According to articular neurology [11] , nerve endings or joint receptors exist in the capsule and ligament rather than the articular cartilage. It is logical to assume that an injection of local anesthetics into the posterior ligament can also provide effective relief from SIJ pain.
SIJ pain, which includes pain originated from both articular and posterior ligament regions, can occur not only in the lower back and buttocks but also in the groin and lower extremities and may be difficult to discern from pain secondary to other disorders [1] . Additionally, SIJ pain may occur alone or with other lumbar disorders [1, 12] . Physicians should pay extra attention to SIJ pain to facilitate the accurate diagnosis and treatment of lumbar disorders such as lumbar disc herniation (LDH) and lumbar spinal canal stenosis (LSS). In some reports, SIJ pain occurred after lumbar fusion surgery [13, 14] and was confirmed by intraarticular SIJ injection. Only one study has reported the prevalence of SIJ pain following lumbar surgery using periarticular SIJ injection [15] . SIJ pain can originate from both articular and posterior ligament regions with lumbar surgery; however, the prevalence of the entire SIJ pain has most likely been underestimated, because the possibility for SIJ pain to originate in the posterior ligament region has not been well researched.
LDH and LSS are often treated surgically. A major clinical problem is misdiagnosis, particularly in surgical cases. Therefore, the present study aimed to develop a simple clinical diagnostic scoring system based on the accumulation of physical findings to help distinguish between patients with SIJ pain originating from the posterior ligament and those with LDH and LSS.
Methods

Study Design and Setting
The study was performed in 5 institutions in Japan: JCHO Sendai Hospital, Kushiro Rousai Hospital, Akita Kosei Medical Center, Toho University Ohashi Medical Center, and Kikuno Hospital. This study was approved by the Institutional Review Boards of JCHO Sendai Hospital and all other participating institutions. Patients provided written informed consent for the use of their data in the study.
Patient Cohort
Between August 2012 and October 2013, patients with SIJ pain, LDH, and LSS presenting with lumbogluteal pain with or without lower extremities pain were prediagnosed in each institute and enrolled in the study. For developing the scoring system, it was necessary to compare the physical findings of the patient with the isolated condition in each disorder. Therefore, the strict diagnostic process for each disorder was adopted.
Diagnostic Criteria of SIJ Pain Originating from the Posterior Ligament
Patients were considered to have pain originating from the posterior ligament if their pain improved by 70% after periarticular SIJ injection under fluoroscopic guidance and had a history of other injections that were negative, as in our previous studies [9, 10, 16] . If a patient suffering from pain in the SIJ area was never administered any injections, we attempted to administer a placebo injection. Positive placebo-response patients were those who reported >50% reduction in pain relief after 1 ml of 2% lidocaine was injected into the painful side of the paravertebral muscle around the facet joint at the L4/5 level, as previously reported [9, 16] . We considered that a patient had the isolated condition with SIJ pain originating from the posterior ligament when any other injection, except for periarticular SIJ injection, was not effective. Patients with a history of lumbar surgery, infection, and tumors in the lumbar and pelvic areas, recent fractures in the lumbar spine and pelvis, and ankylosing spondylitis were excluded.
Diagnostic Scoring System for SIJ Pain
Periarticular SIJ Injection Method
In brief, the injection procedure required the patient to lie in a prone oblique position with the involved side down on a fluoroscopic table so that the facet of SIJ could be clearly detected. The posterior region of SIJ is divided into four equal sections, designated as sections 0-3. Although section 0 comprises the cranial portion of the joint, this area is included as an injection target because it contains the posterior ligaments of SIJ. Sections 1 and 2 contain the interosseous ligaments and posterior sacroiliac ligament, and section 3 contains posterior ligament and a part of the long posterior sacroiliac ligament [1] . A 90-mm 23-gauge spinal needle was inserted into each section of the SIJ posterior ligamentous area under fluoroscopic guidance. A mixture of 2% lidocaine and contrast medium (mixture ratio 1:1, total 2 mL) was injected into the posterior ligamentous area, and it was confirmed that the solution did not spread out of the sacroiliac posterior ligamentous region ( Figure 1) . We evaluated the effectiveness of the injection using the pain relief scale [17] . We asked the patients to report the strength of pain remaining after injection on the assumption that the pain before the injection was 10. The remaining pain was recorded 15 min after the injection. Greater than 70% improvement in pain was assumed if the patients reported the strength of pain remaining after injection as 3 on the assumption that the pain before the injection was 10 [16] .
Diagnostic Criteria of LDH and LSS
There were two critical steps in patient selection to obtain an accurate diagnosis of LDH and LSS ( Figure 2 ). The first selection was performed at each institute, with the investigator selecting for only surgical cases exhibiting typical symptoms originating from LDH or LSS. The patients at each institute were diagnosed on the basis of both physical and magnetic resonance imaging (MRI) findings, with significant improvement being evident 3 months after surgery. The subsequent second selection was performed by an independent assessor. Each patient's diagnosis was confirmed by the surgical outcome using their Japanese Orthopaedic Association Back Pain Evaluation Questionnaire (JOABPEQ) score [18] . JOABPEQ consists of five functional scores: lower back pain, lumbar function, walking ability, social life function, and mental health. Each functional score was assessed independently. An increase in postsurgical functional score relative to the presurgical score of >20 points was defined as a significant improvement [18] . We adopted the most suitable functional score to evaluate the validity of diagnosis and treatment. Patients with LDH were evaluated by the functional score of "lower back pain" and patients with LSS were evaluated by the functional score of "walking ability" in the JOABPEQ. The JOABPEQ was administered before and 3 months after surgery. The final diagnoses of LDH and LSS were confirmed on the basis of the physical and MRI findings and significant improvement in the JOABPEQ scores 3 months after surgery.
Data Collection
All patients were examined to record their histories and symptoms and underwent a physical examination including a neurological examination. Radiography of the lumbar spine and pelvis and MRI of the lumbar spine were performed. Data were recorded on a standardized report form and were sent to a study coordinator.
The following items were also investigated in all patients as candidates of the scoring system: 
Pain Area
One-finger test: On the basis of our previous study results [19] , we asked the patients to indicate the main site of pain by using their index finger, a procedure that we designated as the "one-finger test." Our previous study showed that when patients pointed to the posterosuperior iliac spine (PSIS) or within 2 cm of it as the main site of pain, SIJ pain should be considered as the origin of the lower back and buttock pain [9] (Figure 3 ).
Groin pain: In our previous study, 44% of the patients with SIJ pain complained of groin pain [16] , a finding supported by previous reports [20] [21] [22] . We asked the patients to report groin pain.
Pain-Increasing Position
Sitting on a chair without backrest: Because our previous study showed that 73% of the patients with SIJ pain experienced pain while sitting, especially on a chair without a back rest [23] , we checked for pain while the patients sat on a chair.
Supine and side-lying pain: Patients with severe SIJ pain often have complained of pain in the supine position and while lying on the painful side [24] . We checked for pain in these positions.
Provocation Test
Among numerous tests for detection of SIJ pain [1, 3, 25] , we used the SIJ shear test [1] . A previous study showed that the SIJ shear test used in the present study was the most useful provocation test [26] . The patient lies in a prone position on an examining table. The examiner places his palm over the patient's posterior iliac wing and thrusts his palm inferiorly to produce a shearing force across SIJ. If the test is positive, the patient complains of pain similar to that previously experienced ( Figure 4 ). The test is a direct stress test of the SIJ region and is easy to perform by the examiner [1] .
Tenderness Points
In our previous study [27] , four tenderness points; PSIS, the long posterior sacroiliac ligament (LPSL), the sacrotuberous ligament (STL), and the iliac muscle showed high specificity and were considered as candidates of the scoring system ( Figure 5 ).
To be able to apply constant pressure to each patient while checking the tenderness points, we trained by pushing a weighing scale by using the tip of the thumb to reach a weight of 4 kg three consecutive times with our eyes closed. Then, we examined each tenderness point twice and considered the test to be positive if the patient had similar pain each time.
Data Analysis
The study coordinator inspected the information in the form and calculated the JOABPEQ score in LDH and LSS. Subsequently, two expert spine surgeons with extensive clinical experience in SIJ pain and lumbar disorders made up a consensus panel and reviewed each patient. The patients were assigned to the SIJ pain group, LDH group, or LSS group according to the Figure 2 The two steps involved in selecting patients to obtain an accurate diagnosis of lumbar disc herniation (LDH) and lumbar spinal canal stenosis (LSS). Diagnostic Scoring System for SIJ Pain criteria in each (Table 1) . While reviewing, the surgeons were blinded to the results of candidates for the scoring system; one-finger test, groin pain, pain-increasing positions, provocation test, and tenderness points. If a patient did not belong to any group or belonged to more than one group, the patient was excluded from the analyses.
Statistical Analysis
For developing the scoring system, positive rate of 10 items was compared between SIJ pain group and lumbar disorder (LDH and LSS) group. A score-based prediction rule for the final diagnosis of SIJ pain was made on the basis of multivariate logistic regression analysis. An integer score derived from the regression coefficient value was assigned to each identified risk factor. The discrimination ability of the models was assessed by the area under the receiver-operating characteristic (ROC) curve. A result with a P value < 0.05 was considered to indicate statistical significance. To examine the performance of the diagnostic scoring system, we calculated the sensitivity and specificity and then adopted the ideal cutoff point.
Results
A total of 164 patients were enrolled in the study. Eightythree patients had been pre-diagnosed at enrollment as having SIJ pain, 35 patients as having LDH, and 46 patients as having LSS. The consensus panel reviewed all patients and confirmed the accuracy of the diagnoses. Twenty-one patients with SIJ pain, seven with LDH, and 15 with LSS were excluded for the reasons shown in Table 2 . As a result, 62 cases were considered to have isolated SIJ pain, 28 cases as isolated LDH, and 31 cases as isolated LSS ( Figure 6 and Table 3 ).
We compared 10 items, including pain areas, painincreasing positions, the provocation test, and tenderness points, among the groups. The one-finger test, sitting on a chair, SIJ shear test, and tenderness of PSIS had high positive rates in the SIJ pain group. In the SIJ pain group, groin pain was positive in 54% of the patients and tenderness of STL was positive in 51%, but in the LDH and LSS groups, these items were positive at low percentages of the patients (Table 4) . We performed multivariate logistic regression analyses on the data, and the results are shown in Table 5 . The one-finger test had the highest odds ratio (25.87), and groin pain had a high odds ratio (14.48). Tenderness of STL had a relatively high odds ratio (5.76).
Considering the positive rate and odds ratio, we selected six of the 10 items: the one-finger test, groin pain, sitting on a chair, SIJ shear test, tenderness of PSIS, and STL. Using the positive rate in the SIJ pain group of each item and especially the regression coefficient, an integer score was assigned to the identified risk factors for each item (Table 5) . For each patient, all applicable risk score values were summed to attain a total risk score for the patient. The sum of the risk scores for each patient ranged from 0-9 (Table 6 ).
The area under the ROC curve was 0.947 (95% confidence interval [CI]: 0.906-0.988) for the selected six items; thus, the model had good discriminatory power. When the positivity cutoff point was set at four, the sensitivity was 90.3% and the specificity was 86.4%. When the cutoff point was five, the sensitivity was 85.4% and the specificity was 93.2% (Table 7) . A cutoff point of four was considered to be suitable because the sensitivity was considered more important than the specificity for identification of patients with SIJ pain.
Discussion
To the best of our knowledge, this is the first report of the development of a diagnostic scoring system for SIJ pain originating from the posterior ligament. The scoring system was designed to distinguish SIJ pain from LDH and LSS. The scoring system showed high sensitivity and specificity and is simple and easy to use in clinical practice because it consists of only six items: three characteristic symptoms, consisting of the one-finger test, groin pain, and pain while sitting on a chair, and three physical examinations, consisting of the SIJ shear test, tenderness of PSIS, and STL.
In the literature [12] , 39% of SIJ dysfunction and related pain was present with other conditions, such as LDH and LSS. In such cases involving coexisting conditions, it is more difficult to distinguish SIJ pain from lumbar disorders. Our scoring system is recommended to be used before and after lumbar surgery. For example, when a patient with LDH or LSS presents with a high SIJ-related score in addition to the symptom of simple radiculopathy, the patient may have both LDH or LSS and SIJ pain. If the patient complains of lumbogluteal and/or lower extremity pain and has a high SIJ-related score after lumbar surgery, we should consider not only surgical complications but also new onset of SIJ pain after surgery.
Exact diagnoses of the diseases in the patients in this study were absolutely essential for developing the scoring system. Strictly speaking, there are no absolute standard criteria for diagnosing LDH and LSS. Asymptomatic LDHs are frequently observed on MRI.
Imaging findings, such as compression of nerve roots and cauda equina on MRI, are insufficient for establishing the diagnosis of LSS [28] . To obtain accurate diagnosis of LDH and LSS, we investigated patients with LDH and LSS who underwent surgery. The diagnosis was confirmed by the surgical outcome by using the JOABPEQ score. Therefore, patients analyzed in the present study were considered to be definitively diagnosed as having LDH and LSS.
The present study used a periarticular SIJ injection to diagnose SIJ pain. SIJ should not be regarded as a simple joint structure, but rather be regarded as a complex structure involving various periarticular ligaments [15] . The term "SIJ pain" is widely used; however, the term suggests that the pain originated from only the articular compartment, which can be misleading and inhibit recognition of SIJ as the origin of pain. SIJ pain can occur in sacroiliitis related to ankylosing spondylitis, osteoarthritis, or infection of SIJ that should cause pain mainly in articular elements. Diagnostic intraarticular injections should be effective for diagnosis of these diseases. However, the major pathological condition causing SIJ pain is dysfunction [1] . Repeated movements and/or accidental minor subluxation of SIJ may damage SIJrelated structures, such as the joint capsule and the posterior ligament. The SIJ periarticular area, including the posterior ligament region, should be a significant cause of SIJ pain [7, 11, 29, 30] . Our previous study revealed that a periarticular SIJ injection was more effective than an intraarticular injection for pain relief in the SIJ area [10] . The intraarticular injection was effective for only 36% of the patients with pain in the SIJ area, a finding that was similar to those in other studies [13, 14, [31] [32] [33] [34] [35] . The remaining 64% patients who did not experience pain relief by intraarticular injection experienced decreased pain after an additional periarticular injection. The diagnostic injection target has always been the joint cavity alone. The reason for the low diagnostic frequency for SIJ pain may be that an intraarticular injection cannot cover the entire region of pain origin. Dreyfuss et al. [36] demonstrated the differences between articular and extraarticular SIJ pain among asymptomatic subjects. In their study, subjects felt discomfort or pain upon capsular distension during intraarticular injection, which could not be protected by sacral lateral branch blocks to anesthetize the posterior ligament region. However, this type of sensation may be different from the usual pain experienced by patients. We have previously reported the relationship between the area of referred pain and the posterior sections of SIJ [16] . Irritation caused by inserting a needle alone to the posterior ligament could reproduce the pain, with patients stating "That is the same pain," as demonstrated previously [37] . In addition, the injection of a local anesthetic into the posterior ligament relieved the reported pain. We speculate that the nociceptors located in the ligamentous region are hypersensitive under abnormal conditions such as those observed in case of SIJ dysfunction. We believe that our periarticular SIJ injection technique [16] has substantial specificity because the anesthetics can be confirmed in a limited portion in the posterior ligament tissue using a mixture of contrast medium and anesthetics.
When performing diagnostic injections, it is important to reduce the incidence of false-positive results. In the clinical setting, however, SIJ injection is the only diagnostic gold standard for SIJ pain. Because periarticular SIJ injection itself is administered for definitive diagnosis, there is no way of determining how many false positives were actually true positives [25] . To reduce the incidence of false-positive diagnostic periarticular SIJ injections, we always evaluate each patient for a placebo response to the injection procedure itself. In our previous studies [9, 16] , 10-17% of patients displayed a positive placebo response to an injection. An approximately 20% frequency of false positives following periarticular SIJ injection should be considered during diagnosis of a patient who has never been administered any diagnostic injection.
Results of multivariate logistic regression analysis showed that the one-finger test was the most valuable indicator of SIJ pain. This test accurately indicated the pain area and provided support for the diagnosis of SIJ pain. The one-finger test was scored as a 3 when positive because the regression coefficient value was 3.25, which was approximately 3. In this way, we assigned an integer score as a risk score based on the coefficient value. In addition, we considered the positive rate in the SIJ pain group for each item. Groin pain was also a valuable sign of SIJ dysfunction and related pain in the present study. Groin pain has been reported to be observed in L1 radiculopathy or L2 radiculopathy [38] and the L4/L5 lumbar disc as a referred pain [39, 40] . However, groin pain also has been relatively often observed in SIJ-related symptoms [16, 20, 21] . Groin pain had a high odds ratio, with a coefficient of 2.80, which was approximately 3, but the positive rate was relatively low in the SIJ pain group so we assigned a risk score of 2. Tenderness of STL had a relatively high odds ratio in the present study. In the movement of SIJ, continuous sacral nutation affects overall stretching of STL [41] . The stretch of STL causes tenderness at its insertion area near the ischial tuberosity. The coefficient of tenderness of STL was 1.75, which was approximately 2, but the positive rate was relatively low in the SIJ pain group, so we assigned a score of 1. The onefinger test, groin pain, and tenderness of STL were particularly useful for distinguishing SIJ pain from LDH and LSS. We added three items; sitting on a chair, the SIJ shear test, and tenderness of PSIS, because the system performance improved statistically with their addition.
This scoring system can be useful for distinguishing SIJ pain from LDH and LSS when the sum of the scores is 4 points. We did not determine if this scoring system was useful for differentiating other lumbopelvic disorders, such as facet syndrome, intervertebral disc disorder without radiculopathy, and piriformis syndrome. An additional study is needed to determine if this scoring system can distinguish SIJ pain from non-specific lower back and buttocks pain and from systemic pain syndrome, such as fibromyalgia.
